Nuclear forces at small distances and nonstatic effects are discussed in the triplet odd state by use of the potential model. It is investigated whether singular behavior such as the repulsive core is indispensable in this state. Analysis shows that the hard-core like repulsion is not indispensable and nonsingular potentials reproduce the solutions of the phase shift analysis very well. The suppression of rapid increase of the 3F 4 -phase shift at high energies is obtained by introduc~ng the quadratic spin-orbit potentials modified so as to be effective in the coupled states. The behavior of the 3P 0 -phase shift at g-..... 50 Mev is also discussed in connection with properties of potentials in the intermediate region.
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and of heavy mesons. This understanding makes it possible to clarify properties of the inner most region (the region III, x<0.7), establishing the region quantitatively.
\Vhat an approach is powerful at present in order to investigate characteristic features such as core in the inner region ? In the region where nuclear forces are very strong and energy concerned becomes high, relativistic or at least nonstatic treatment is desirable. There are two such treatments; dispersiontheoretic one and potential model in momentum space. Although the dispersiontheoretic approach is fully relativistic and has been thought very desirable in many aspects, it has needed some serious approximations in actual application. lv'Ioreover, some problems yet unsolved are present concerning the low energy behavior of phase shifts with high angular momentum 11 l and convergence of iterative procedure in high partial wave amplitudes. 12 l }\/[omentum space calculations have been performed only for the OPEP/nl and usefulness in dealing with the inner region is not clear yet. Although the concept, potential, is inherently nonrelativistic, in order to investigate the inner region the potential approach is most useful at present because of its manageability and feasibility of intuitive understanding. In the application of the potential model, however, higher order nonstatic effects in momentum than the spin-orbit potential must be properly taken into account in terms of potential. It seems an effective and succesful way to convert essential :features obtained by the potential approach into general and complete treatments on nucleon-nucleon interaction.
T'he problems left as open questions are: (1) whether the hard-core like repulsion exists in the triplet odd state and (2) on nonstatic effects other than the spin-orbit force. All the potentials so far proposed assume the hard-core in the triplet odd state only for convenience sake. Investigation of the existence of the hard-core in the triplet odd state is important to answer the question whether the hard-core exists in all. the two-nucleon states or not. 14 
l
In this paper, analysis is done with both potentials with the hard-core and without repulsive core.
The rapid increase of the "F4-phase shift at high energies takes place due to the strong spin-orbit potential introduced to fit the 3 P-wave phase shifts, and the suppression of the 3 F 4 -phase shift is one of problems which is not satisfactorily answered. Hamada-Johnston's potential has the large 3 F4-phase shift, since the introduced quadratic spin-orbit potentials are effective only in the uncoupled states.
The situation is the same for the Yale-potential. Then
Breit proposed the spin-orbit potential effective only in the states with J<. 2, where J is the magnitude of the total angular momentum.
In this paper, we adopt the quadratic spin-orbit potentials modified in the regions II and III so as to be effective in the coupled states. With this quadratic spin-orbit potentials, the 3 F 4 -phase shift is reasonably suppressed without destroying the 3 P-fits. Their strength is of the same order of magnitude with those of the quadratic spin- However, these quadratic spin-orbit potentials should be considered as a phenomenological representation for all the higher order nonstatic effects, because other nonstatic potentials appear at the same time in the derivation of the quadratic spin-orbit potentials.
The The experiments to reduce the ambiguity of the 3 Pa-phase shift have performed recently at E:::~50 MeV. We discuss also the 3 Po-problem. In ~ 2, the potential forms used in the analysis is presented. Importance of the quadratic spin-orbit potentials is discussed in the presence of the hardcore in § 3. In § 4, analysis is done without repulsive core, and we show that the hard-core is not indispensable. Discussions concerning o C P 0 ) at E~50 MeV are done in § 5. § 2. Choice of }lOtential parameters
The shape of the potential employed is the same as that used in the previous paper 15 J for the cases with the hard-core (denoted by HC) with the radius Xa;
As the shape of the core-less I}.Onsingular potentials, we adopt the square well m the region III (denoted by SQ), with the radius x1;
where 
L=J±l:
where k 2 = ME/2/i and Uc = NIVa/ ,U The potential parameters are given in Table I .and the shapes are shown *l In the case where the discrimination of the states is necessary, we denote the potential with the spin S and the parity II with 2S+IV.Z, etc. Table I . Table I . Potential parameters for the hard-core and core-less nonsingular potentials. Notations are given in Eqs. (1) 
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VLLO. 'Ne regard HC-1 as the standard potential for the hard-core potentials SQ:...l with the same outer parameters (except (x)) with those of HC-1 as the standard one for the coreless nonsingular potentials. The other potentials are discussed by referring to HC~ 1 and SQ-1.
The rapid increase of o C F 4 )'n at E >200 MeV observed in the potential model so far proposed is mainly due to the strong spin-orbit potential necessary to the o C Pr) -fit. The quadratic spin-orbit potentials introduced by Hamada and Johnston play no essential role in reducing o CF4), since these potentials are chosen so as to be effective in the uncoupled states (e.g. 1 D2 and 3 D2) . 6 ) this section we introduce VQ and VLL effective in the coupled states and discuss the role of such quadratic spin-orbit potentials for the hard-core potential. (2) the nonstatic effect, VLs, appears even at rather low energies, and therefore the higher order nonstatic effects in momentum also appear at high energies (E2::200 MeV) ; (3) in fact, the evidence is found in the Table I . The HC-2 phase shifts are almost same with the HC-l's.
coupling,*) and should be interpreted as a substitution of all other nonstatic effects than VLS. **>
In order to reduce o( 3 F4) by VQ and VLL without making the 3 P.rfit worse, it is evident from Eq. (5) that we need (6) consequently aQ>O and aLL<O are de1nanded (bQ and bLL are not essential due to the large impact parameter of F-wave). In the effective potential V4 for 3 F4, the attraction 3VLs can be well cancelled by -9VQ+ 12VLL::::21I VQI because of the large kinematical factors in spite of the weakness of VQ and VLL of O(p/MY (HC-1, HC-2) . On the other hand, in the absence of the VQ and VLL, v4 overwhelms the centrifugal potential. This is illustrated in Fig. 2 . Owing to VQ<O and VLL>o, iJ CF4) is reasonably suppressed ; ((J CF4) ::::0.045 at 310 MeV and oCF 4 )~0.10 at 660MeV), but the other phase shifts scarcely change (compare HC-1 and HC-3 in Fig. 3 In order to investigate whether the hard or soft core is necessary in the triplet odd state, analysis using the potential (2) 
*) This does not necessarily mean that the pseudoscalar coupling is excluded, since the effect of the V Q and V LL of the OPEP is small in the triplet odd state, and the V Q and V LL of Eq. (3) with the opposite sign of }. will give no essentially different results. Both the hard-core and the nonsingular core-less potentials explain the phase shifts up to 310 MeV. In order to determine which is correct, the analysis should be extended to the higher energies. Although the nonrelativistic potential model is not valid quantitatively, the phase shifts calculated at 660 MeV serve to see whether qualitative differences between two types of potentials appear or not. Table II shows that even at 660 MeV it is difficult to distinguish these two possibilities qualitatively, if corrections entering at high energies are similar for both cases.*) § 5. 0 CPa) at intermediate energies and potential in the region n The attempts to reduce the ambiguity of (JCPo) at E<100 MeV have recently been made by several experimental groups. ) which joins *l In the core-less potential, the central potential depth in region II is more attractive than that of the potential with hard core. This attractiveness makes 3 oa. 11 at low energy (E:::::;lO MeV) positive, where 3oa 11 is defined as 3oa"= (1/9) (a(3P 0 ) +3o(3P 1 ) +5o(3P 2 )) and seems to be negative from the analysis of experimental data. 27 > This problem may be discussed in detail elsewhere.
to the values at E>140 MeV. Here the information about o C Po) inferred by using both potential shapes in ~ § 3 and 4 is discussed.
The small o C P 0 ) at E:S 100 MeV is the general consequence of the potentials adjusted to the high energy side; at 52 MeV l5CPo) <0. 25 (Fig. 1) . If o( 3 Po):=S0.20 is confirmed, the fit of oCPl) at E=100 ""'200 MeV probably demands the stronger tail of VLs than those in Table I and the weak V r in the region II such as those in HC-4 and SQ-4 ,_ 6. This feature is the same with Hamada-Johnston's.
In order to increase o ( 3 P 0 ) at E < 100 MeV without destroying the high energy fit, the V r being rnoderately strong in the region II and negative or weak in the region III is favourable; oCPo) =0. Table II . (A) Nuclear bar phase shifts (in radians) calculated from the hard-core and the core-less nonsingular potentials, whose parameters are given in Table I stronger energy vanatwn of the wave penetration into the core regwn than that for the hard-core potential. In the core-less potentials, however, we cannot obtain the large oCPo) at 52MeV and the small oCPo) at E,...,l50MeV.
Since the small r' J C P 0 ) at E'"'""' 150 MeV is required by the polarization, if
oCPo) at E<100 MeV should be large, there is some drastic energy dependence in potentials which cannot be represented by the quadratic spin-orbit effects and some L-dependence of potentials. Therefore at E,.._,50 MeV, iJCPo) >0.25
or ::S0.20 is critical and further experiments to reduce the ambiguity of o C Po) below 100 MeV are wanted, since inconsistencies may be present in data available at present. The phase shifts calculated by the potentials ·in Table I are shown in  Table II . The singlet even phase shifts obtained by the hard-core potential are also cited. These phase shifts together represent the two nucleon data below 310 MeV faithfully. ~ 
Summary
Analysing the triplet odd phase shifts by the use of both the hard-core and the nonsingular core-less potentials, we obtain the following conclusions : (1) In the triplet odd state, the available data allow the nonsingular potentials without the hard-core like repulsion, in contrast with the singlet even state, where the singular repulsive core is indispensable no matter how it is hard 28 J, 2 ) or soft.
)
(2) The quadratic spin-orbit potentials modified so as to be effective in the coupled states for x< 1.0 play an important role in explaining r' J CF 4 ) without destroying the fit of the other phase shifts. The strength of VQ and VLL is of the same order of magnitude with those in the singlet even and the triplet even states. Therefore, this VQ and VLL is a good description of nonstatic effects, although phenomenological in essence.
(3) If the maximum value of o C Po) appearing at intermediate energies is confirmed as larger than 0.25, some energy-dependence of potentials is required at E<l50MeV.
